Age-related increases in childhood and age-related decreases in adulthood have been reported for a wide variety of cognitive variables, but relatively little research has addressed the question of the independence of these influences. In this project, cross-sectional life span data (age 5 to 94 years) from the nationally representative sample used to establish the norms for the Woodcock-Johnson Psycho-Educational Battery (R. W. Woodcock & M. B. Johnson, 1989 , 1990 were subjected to several types of analyses. The results indicated that the majority of age-related differences appear to be shared across different cognitive variables and are well predicted by individual differences in higher order factors. These findings suggest that the role of task-specific interpretations of developmental differences in cognition needs to be reevaluated to take into consideration the lack of independence of age-related influences on a variety of cognitive variables.
Many cognitive variables have been found to be significantly related to age both across the childhood years and across the adult years. However, very little is currently known about the interrelations of the age relations on different variables. That is, to what extent are the age-related influences on different cognitive variables shared and in common as opposed to distinct and independent? This deceptively simple question has important implications for understanding the nature, and perhaps ultimately the causes, of age-related differences in cognitive functioning. For example, if most of the age-related variance in many different cognitive variables was found to be distinct and independent of the age-related variance in other cognitive variables, then a large number of specific age-related influences would presumably have to be postulated to account for the agerelated differences observed in these variables. In contrast, if a substantial proportion of the age-related variance in many cognitive variables was found to be shared and in common with the age-related variance in other cognitive variables, then a relatively small number of broad or general age-related influences might be responsible for many of the age-related differences in cognitive functioning.
Most contemporary interpretations of cognitive development in both childhood and adulthood have focused on mechanisms designed to account for the age-related differences observed in single variables or in a small set of closely related variables. For example, researchers interested in memory have speculated that factors such as effectiveness of encoding or retrieval contribute to developmental differences in memory functioning, and Preparation of this article was supported by a research grant (R37 AG 6826) from the National Institute on Aging.
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researchers interested in reasoning have speculated that factors such as integration and abstraction might be involved in the developmental differences observed in measures of inductive reasoning. Interpretations based on factors or processes restricted to particular types of tasks are clearly valuable, but they may be misleading if the possibility of broader and potentially more fundamental developmental influences is neglected.
Of course, it is quite conceivable that there are no broad developmental influences and that the age-related effects on different types of tasks are largely independent of one another. To the extent that this is the case, and there is little predictability of the direction and magnitude of the age-related differences on one type of task from knowledge of the direction and magnitude of the age-related differences on another type of task, then researchers would be justified in focusing exclusively on taskspecific interpretations of developmental differences.
However, if it were discovered that a substantial proportion of the age-related influences on a particular task was shared with individual differences on other tasks, then a task-specific research strategy might no longer be optimal. That is, if large proportions of the age-related variance were found to be shared with individual differences in other cognitive variables, then many of the task-specific mechanisms that have been inferred to exhibit age-related differences might simply be consequences of a broader developmental phenomenon. At the very least, the magnitude of the age-related effects that could be uniquely explained by specific processes would be substantially reduced if much of the age-related variance in different variables was found to be shared with both individual differences in other cognitive variables and more general dimensions of individual differences in cognitive functioning.
The question of the independence of age-related influences is obviously relevant across the entire life span, but because the patterns could differ in childhood and in adulthood, it is probably most meaningful to consider the two periods separately. Nevertheless, if the same variables are available across all ages, it would be informative to compare the composition of any common influences that might be discovered. For example, are there a few core cognitive abilities that are central to cognitive development across both the period of childhood and the period of adulthood, or is there a shift in the composition of the core abilities after the period of maturity?
The analyses to be described are based on cross-sectional data from the normative samples in the Woodcock-Johnson Psycho-Educational Battery--Revised (Woodcock & Johnson, 1989 , 1990 , which consists of 35 tests of cognitive ability and achievement. Five characteristics of this test battery are important for the current purposes: (a) the cognitive ability tests were designed to reflect distinct psychometric factors or abilities; (b) all but two of the tests are administered in an untimed manner, with a modified adaptive testing procedure; (c) all variables have good levels of reliability, with internal consistency values between .8 and .9, and test-retest values only slightly lower; (d) a similar Rasch scaling was used for all variables in an attempt to create an equal interval scale throughout the entire measurement range; and (e) the normative sample was large (over 6,300 individuals) and involved quota sampling in an attempt to represent the U.S. population across the range from approximately 5 to 94 years of age.
The primary analyses designed to investigate the independence of age-related influences essentially involve examining the relations between age and individual variables (or first-order ability factors), after considering the relation between age and what all the variables have in common. The analytical procedures are based on the assumption that the age-related variance in a variable is a function of error, unique influences, and common influences (i.e., influences shared with individual differences in other cognitive variables). More determinants could clearly be specified, but this is a useful level of abstraction because it provides a heuristic framework for investigating the nature of the age-related influences on a given variable. That is, within this framework, it is possible to decompose age-related variance into unique and shared components (cf. Kliegl & Mayr, 1992; Lindenberger, Mayr, & Kliegl, 1993; McArdle & Prescott, 1992; Salthouse, 1992 Salthouse, , 1994 . Unique effects represent agerelated differences that cannot be predicted on the basis of individual differences in other variables. In contrast, shared effects refer to age-related differences that are correlationally linked to individual differences in other cognitive variables. For the current purposes, the magnitudes of unique and shared effects are used as empirical indicators of the relative importance of distinct (i.e., variable-specific) or more general (i.e., common) agerelated influences on cognitive functioning in childhood and aging.
All of the data to be analyzed are cross-sectional. Although results from cross-sectional comparisons are sometimes dismissed as uninteresting or nonmeaningful, strong relations have consistently been reported between many cognitive variables and the individual's age in cross-sectional samples, and eventually those relations need to be explained. It is true that crosssectional differences are sometimes assumed to directly reflect intrinsically determined age changes. This assumption is questionable because cross-sectional differences could be due to endogenous influences (i.e., factors originating within the organism, such as maturation), exogenous influences (i.e., factors originating outside the organism and related to changes in the context in which the individual lives while he or she is maturing), or a combination of both endogenous and exogenous influences. The uncertainty associated with cross-sectional results is often acknowledged by referring to them as age-related differences to emphasize that the differences are related to age but are not necessarily caused by age (i.e., in the sense of intrinsic or endogenous processes).
The current project is not designed to distinguish between endogenous and exogenous influences but, instead, to examine the pattern of developmental differences across a diverse set of variables. Nevertheless, information about the manner in which age-related effects are manifested should be relevant in eventually determining the nature and source of those influences. In particular, the focus of future explanatory research would presumably shift somewhat if it were discovered that age-related effects were associated with a relatively small number of shared influences rather than a large number of independent influences.
Two different approaches are used to examine the structure of age-related variation within a set of variables. In the first approach, no structure among the variables is assumed; instead, it is postulated that all age-related effects are mediated through whatever is common to all variables in addition to independent age-related effects on certain variables. This analytical method is conceptually analogous to hierarchical regression analysis in which the first component from a principal-components analysis, representing the variance shared by all variables, is controlled before examining the relation of age to individual variables. Because these models only attempt to account for the relations of age to the variables, and not for all of the covariances among variables, the fit of the models to the entire data is of only secondary interest. The information of greatest importance from these analyses are the relative strengths of shared agerelated influences (through the common factor) and unique agerelated influences (direct from age to the variable).
The second analytical strategy resembles the traditional psychometric approach in that structure is imposed on the variables before examining age-related influences. However, rather than specifying the entire structure a priori, on the basis of theories or previous empirical results, in the current analyses, the structure is partly determined from the pattern of age-related effects among the variables. This hybrid strategy was considered desirable because although the tests in this data set were designed to reflect distinct abilities according to a particular psychometric model of intellectual abilities, the major purpose of the analyses was to determine the level at which age-related influences are manifested.
Overview
The primary goal of the analyses to be reported was to investigate the extent to which the age-related influences on different cognitive variables were independent of individual differences in other cognitive variables across the periods of childhood (age 5-17 years) and adulthood (age 18-over 90 years). Two different sets of analyses were conducted for this purpose. In the first analyses, a single common factor was postulated with relations from each variable and from age, and then the independent relations from age to the individual variables were determined. The second set of analyses examined a variety of more complex structural relations among the variables and investigated the level at which independent age-related influences were evident.
Method
Three different data sets were formed, consisting of children (age 5-17, n = 3,155), college students (age 18-22, n = 735), and noncollege student adults (age 18-94, n = 1,580). There were three reasons for separating the college students from the other groups. First, the empirical results (illustrated in Figure 1 ) suggest that this group may not be precisely comparable to the other groups because of discontinuities in the age trends for some variables. Second, college students represent a transition between the other two groups; hence, their classification either as children or as adults would be arbitrary. And third, for certain comparisons it is desirable to have a reference sample with a restricted age range.
In the children data there were between 169 and 324 individuals at each year from age 6 to 17 years and 115 individuals who were 5 years of age. Individuals in the adult sample were categorized into one of seven decade groups ranging from under 30 to over 80 years of age. There were only 59 adults in the over-80 age group, but the range of individuals in the remaining groups was 158 to 444. In very broad terms, the age distribution was close to rectangular in the children data and was positively skewed in the adult data. To illustrate, in the children data, 31% of the individuals were under the age of 9 years, 41% were between 9 and 13 years, and 29% were between 14 and 17 years of age. In the adult data, 50% of the individuals were under the age of 40 years, 26% were between 40 and 59 years of age, and 24% were over the age of 60 years.
Sixteen of the 35 variables from the two Woodcock-Johnson scales were selected on the basis of the availability of complete results from the largest number of individuals (total of 5,470) and a pattern of seven clearly distinct factors in the college student reference group. The 16 variables are briefly described in Table 1 .
All of the structural equation analyses were based on covariance matrices derived from the Rasch scores. Because chi-square statistics may be misleading with large samples, as was the case here, three additional fit indices that are less dependent on sample size were also examined. The Benfler-Bonett non-normed fit index (NNFI) and the Bentler comparative fit index (CFI) both range from 0 to 1.0, with values closer to 1.0 representing better fit of the model to the data. The standardized root mean residual (SRMR) reflects the deviation of the estimated covariance matrix from the observed covariance matrix, and However, because few of the models had nested relations to one another, direct statistical comparisons among models were not always possible.
Results

Interrelations of Variables
Whenever examining relations among sets of variables, it is possible that some of the relation between two or more variables is a consequence of the relation of each variable with a third variable. That is, some of the relation between variables X and Y could be attributable to the relation that both X and Y have to variable Z. In the current situation, at least some of the interrelations among a set of variables in age-heterogeneous samples could be due to the relations that all variables have with age. There are two ways to estimate the extent to which the results of the analyses might be affected by this type of influence. These consist of comparing the patterns of factor loadings and the interrelations of factors in the original ageheterogeneous samples with those: (a) from a sample with a narrow age range (i.e., college students) and (b) from the original samples after partialing the influence of age from all variables. If the interrelations of the variables corresponding to the single common factor and the grouping of variables into firstorder ability factors and higher order factors are solely attributable to the relations that all variables have with age, then the patterns of loadings and factor correlations should be close to zero in the data without age variation.
The results summarized in Tables 2 and 3 indicate that this is not the case. Table 2 summarizes the results of a confirmatory factor analysis model in which all variables are postulated to be related to a single higher order factor. The numbers in each column correspond to the loadings on the common factor in each data set when no age relations are postulated. The data in the second column are derived from the 735 college students between 18 and 22 years of age, the data in the third column are derived from the 3,155 children between 5 and 17 years of age, and the data in the fifth column are derived from the 1,580 adults between 18 and 94 years of age. The fourth and sixth columns represent the results after the relations of age were partialed from all variables in the children data (fourth column) and in the adult data (sixth column). Although the loadings of the variables were weaker when there is no age variation (i.e., in the student and age-partialed data sets), they are still moderately large for most variables. These similar patterns indicate that the variables share considerable variance with one another regardless of the relations they each have with age.
An initial exploratory factor analysis on the data from the college student sample revealed seven factors that were very similar to those reported in the Woodcock-Johnson manuals (McGrew, Werder, & Woodcock, 1991; Woodcock & Johnson, 1989 , 1990 ; see also Bickley, Keith, & Wolfle, 1995) , with the exception that the Visual Processing and Auditory Processing factors were collapsed into a single factor. This discrepancy in the factor pattern is probably attributable to the fact that the picture recognition variable, which was a marker for Visual Processing, was not included in the current analyses because of a relatively large number of missing observations. A confirmatory factor analysis model with seven correlated factors was applied to the same five data sets described above. The results of these analyses are presented in Table 3 where it can be seen that the model provided a good fit in each data set. The fact that a similar structure among the variables was evident even when all age-related influences on the variables were removed provides some assurance that the structure in the age-heterogeneous samples is not merely an artifact of the large age relations in these data sets. Figure 1 illustrates the age relations for all variables, with the variables grouped according to the factors identified in the confirmatory factor analyses just described. Nonlinear age relations were examined by generating three orthogonal age variables: a linear age variable, a quadratic age variable created by partialing the linear component from the age-squared term, and a cubic age variable created by partialing the linear and quadratic Note. NNFI = Bentler-Bonett non-normed fit index; CFI = comparative fit index; SRMR = standardized root mean residual.
Age Relations
components from the age-cubed term. The proportions of variance associated with linear, quadratic, and cubic age relations for each variable in the children and adult groups are reported in Table 4 . It is apparent that there were very strong linear and moderate quadratic age relations for all variables across the period of childhood. The quadratic trend for most variables reflects a somewhat slower rate of increase in the older (teenage) years. Moderately strong linear and quadratic age relations were evident across adulthood for all variables. The quadratic trend in most of these variables reflects an acceleration of the decline in older ages. The cubic trends in both data sets reflect fluctuations in the overall patterns and are not easily described.
Single Common Factor Analyses
Single common factor analyses were next conducted on the data from the children and adult samples to determine the degree of shared age-related effects in each data set. That is, because it is apparent in Figure 1 and Table 4 that most of the variables had significant age-related influences, the goal of these analyses was to determine the extent to which those influences were independent of one another.
The same analytical procedure was used with both the children data and the adult data. Initially, for purposes of comparison, a model (Model 0) was examined in which there were no interrelations among variables but independent relations of age to every variable. As can be seen in Table 5 , this model provided a very poor fit to the data for both children and adults. It can therefore be inferred that the data are not consistent with the existence of completely independent age-related influences on the individual variables.
The next model (Model 1 ) involved a single factor that was related to all variables; hence, it represented what the variables had in common with one another, and a relation between the linear component of age and that factor, but no direct relations from age to the individual variables. In a sense, Model 1 can be viewed as the opposite extreme from Model 0 in that it postulates that there is only a single shared age-related influence on all variables. This model had a considerably better fit than the model with completely independent age relations, but it still did not provide a very good fit to the data.
Because the goal of this set of analyses was to examine influences associated with age on individual variables after controlling the age-related effects on what the variables have in common, in the next model, the parameters of the relations between the common factor and individual variables, and between age and the common factor, were fixed to the values estimated from Model 1. This procedure is somewhat analogous to hierarchical regression in that because the interest is in determining the age-variable relations after taking into consideration the age-related effects shared among all variables, the best estimate of the shared effects is partialed out before examining independent age-related effects on individual variables. (If these parameters are not fixed, then with the computer program used in these analyses, the age-related effects on the variables are redistributed between the common and unique influences in such a manner that the common factor no longer resembles that obtained in the analyses with no age relations [cf. Note. NNFI = Bentler-Bonett non-normed fit index; CF/= comparative fit index; SRMR = standardized root mean residual.
the analyses with age related only to the common factor [i,e., Model 1].)Model 1A therefore differed from Model t by adding direct relations from age to the individual variables in cases in which the coefficients differed from zero by more than 2 SEs, while preserving the same shared age-related influences determined from Model 1. Table 5 reveals that this model resulted in an appreciable improvement of fit, indicating that at least some variables had age-related influences that were independent of the influences shared by all other variables. Models 2 and 2A were similar to Models 1 and IA except Note. All quadratic coefficients were negative, and all cubic coefficients were positive. * p < .01.
that in the initial model, quadratic and cubic components of age to the common factor (Model 2) and to individual variables (Model 2A) were considered in addition to the linear age component. Comparison of Models 2 with l, and 2A with 1A, reveals that although many variables had significant quadratic and cubic age trends (cf . Table 4 ), the addition of the nonlinear age relations did not result in an improvement of fit, particularly as indexed by the chi-square statistic. Values of the standardized regression coefficients were -.23 for both children and adults for the quadratic term and .05 for children and .07 for adults for the cubic term. Figures 2 and 3 illustrate the best-fitting single common factor model (Model 1A) in the children and adult data, respectively. The illustrated models represent the shared (through the common factor) and unique (direct) age-related influences in each of the variables. The figures contain the relations from the common factor to the right of the variables, the independent relations of age on the variables to the far left of the variables, and the correlation of the variable with age to the immediate left of the variable. The age correlations are not part of the structural model but are included in the figures to facilitate comparisons of total and unique age-related influences on the variables.
The best-fitting model of the childhood data is illustrated in Figure 2 . It is apparent that there was a very strong positive relation between age and the common factor (.86) and that all variables had moderate to large relations from the common factor. Independent age-related effects were evident in some variables, with most of them negative in direction, indicating that there was a smaller age-associated increase in the variable than what would be expected if all of the age-related influences were channeled through the common factor.
For purposes of comparison, the median of the absolute standardized path coefficients between age and the variable (including those that were not significant and consequently are not represented in Figure 2 ) was computed to provide an estimate of the median age relation after considering the influence of age on what the variables have in common. This value was .06. In contrast, the median of the zero-order age correlations, which are equivalent to standardized path coefficients when age is the only predictor in the equation, was .67. These dramatically different values indicate that on average, most of the age-related variance on the individual variables was shared with other variables and therefore predictable by individual differences in what the variables have in common (i.e., the common factor). Comparison of the independent age relations, on the far left of the figure, with the age correlations, to the immediate left of the variables, reveals that a similar overall pattern was evident on each variable.
The best-fitting model for the adult data is illustrated in Figure  3 . It can be seen that there was a large negative relation (-.55) between age and the common factor, and all variables had strong relations with the common factor. There was a mixed pattern of independent age-related effects. Five variables had no independent age-related effects; six had positive effects, indicating that the negative age-related influences would have been overestimated if only the age-related effects through the common factor were considered; five had negative effects, indicating that the negative age-related influences on the variables would have been underestimated by considering only the age-related effects on the common factor.
Once again, medians of the absolute age relations can be computed before and after control of what all the variables have in common. The values of these total and unique age relations for the variables were .45 and .10, respectively. As was the case with the data from the children, then, it appears that much of the age-related variance in the individual variables was shared 
Hierarchical Analyses
The next set of analyses examined the effects of imposing structure in the pattern of relations among the variables before investigating relations between age and the variables. A summary of the model testing sequence and the associated fit statistics is contained in Table 5 .
The initial model (Model 3) was a model in which the only relations among variables were those used to specify the seven ability factors, with independent relations of age to each firstorder factor. It is apparent in Table 5 that this model provided a rather poor fit to both the children and adult data. These results imply that the data are not consistent with the existence of completely independent age-related influences on first-order cognitive abilities.
The next model (Model 4) was hierarchical, with the seven ability factors at the first order, a single second-order common factor (C1), and linear age relations only to the second-order common factor. In both the children and the adult data, this model provided a much better fit than the model with independent age-ability relations (Model 3). However, the fit was substantially improved by also allowing direct age-ability relations in addition to the age-common relation, as was the case in the next model, Model 4A. Only the Associative Memory Ability factor did not have an independent age relation in the children data, and the Reasoning Ability factor was the only one without an independent age relation in the adult data. The relatively good fit of Model 4A suggests that there are both shared age-related influences (through the common factor) and unique age-related Figure 3 . Structural coefficients for the single common factor analysis of the variables in the adults. Numbers above or to the left or the right of the arrows are standardized path coefficients, and the numbers to the immediate left of the variables are correlation coefficients representing the total age-related influences on the variable. Fit statistics for this model are in Table 5 (Model 1A for adults).
influences (direct from age) on many of the factors representing distinct cognitive abilities. Additional analyses were conducted to examine different possibilities for the level at which the age-related influences were operating. Somewhat different procedures were followed in specifying subsequent models for the children and adult data. For the adults, the next model (4B) consisted of combining the first-order factors with positive residual age relations into one second-order factor (C2), and combining the first-order factors with negative residual age relations into another second-order factor (C3). Both of these factors were related to age and to the third-order factor (C 1 ), which was indicated by the Reasoning first-order factor. Examination of the fit statistics in Table 5 reveals that this model resulted in a good fit to the adult data.
The initial second-order model for the children (Model 4B) grouped the first-order ability factors with the strongest independent age relations into one second-order factor (C2), and the first-order ability factors with weaker independent age relations into another second-order factor (C3). These factors were both related to age and to the third factor (C1), which was scaled by the Reasoning first-order factor. The fit statistics in Table 5 reveal that this model did not fit the data as well as Model 4A. Several additional models with higher order factors were also examined in the data from children because the fit of Model 4B was poorer than that with the less-differentiated model. For example, Model 4C involved the same groupings of first-order ability factors to second-order factors as in the adult data, ignoring the strength of the residual age relations. Model 4D examined second-order factors roughly corresponding to Knowledge and to Memory, and Model 4E specified only one second-order factor corresponding to Knowledge and Quantitative abilities. However none of these models fit the data as well as the model with a single second-order common factor (i.e., Model 4A).
Models 5 through 5E for the children (and 5 through 5B for the adults)are identical to Models 4 through 4E (4 through 4B for the adults) with the exception that quadratic and cubic age terms as well as the linear age term were allowed to influence the highest order factor. Inspection of Table 5 reveals that as was the case with the previous single common factor models, the addition of the nonlinear age relations did not improve the overall fit of the models relative to when only linear age relations were specified. The nonlinear relations were significantly different from zero (i.e., the standardized coefficient for the quadratic term was -.31 in the children data and -.24 in the adult data, and the standardized coefficient for the cubic term was .08 in the children data and .07 in the adult data), but the fits for the series of models with only linear age relations were nearly identical to those containing the additional age relations and had smaller values of chi-square.
It is also apparent in Table 5 that the addition of the nonlinear age relations did not alter the relative fit of the models. That is, the model with one second-order factor and direct age-ability relations (Model 5A) provided the best fit to the children data, and the model with two second-order factors and a third-order factor (Model 5B) provided the best fit to the adult data.
The best-fitting model for the children (Model 4A, illustrated in Figure 4 ) was a hierarchical model in which there was a single second-order common factor with residual linear age relations to all but one of the first-order ability factors. Although other models were examined, there was no evidence of a further grouping of the age relations in the abilities beyond that represented in the common factor. Four points should be noted about the model portrayed in Figure 4 . First, this model (Model 4A in Table 5 ) provided a substantially better fit than models that ignored the grouping of the variables into abilities (i.e., Models 0 to 2A in Table 5 ) and than the model assuming independent relations between age and each ability (i.e., Model 3). Second, as in the models based on individual variables, each of the first-order abilities had moderately high relations from the (second-order) common factor. Therefore, although distinct cognitive abilities can be identified, they are not independent of one another but instead share moderately large proportions of variance and apparently also have common age-related influences. Third, in the model represented in Figure 4 , six of the seven ability variables also had moderate to large independent age-related influences. However, the fact that none of the models with more complicated relations among the ability variables led to improvements in fit suggests that there are both shared and ability-specific influences on cognitive development during the period of childhood. The final point regarding Figure 4 is that the unique age-related influences are much smaller than the total age-related influences on the first-order ability factors. To illustrate, the median of the six significant age-ability coefficients was .30, whereas the median of the age correlations for those abilities, displayed in the bottom of Figure 4 , was .80.
The best-fitting model for the adults (Model 4B, Figure 5 ) involved two second-order factors and a third-order factor. There was a large negative linear age relation on the third-order factor (C1), and although both second-order factors (C2 and C3) were strongly related to C1, they had independent and opposite relations to age. The direct age relation was positive for C2, indicating that although there was a decrease with age in the relevant abilities because of relations through C 1, the magnitude of this decrease was less for these abilities than for other abilities. The residual age relation was negative for C3, indicating that the age-related declines in those abilities were larger than that mediated through the highest order common factor (C1). The two second-order factors may correspond to crystallized and fluid abilities, respectively (cf. Horn & Hofer, 1992) , but it is important to emphasize that a large proportion of the age relations of both second-order factors were explained by individual differences in the third-order factor. Furthermore, rather than the two sets of abilities balancing one another out with respect to the overall age trend, there were substantial negative relations of age to the third-order factor, and the correlations of age to the abilities were all negative.
Discussion
The results portrayed in Figure 1 and summarized in Table  4 indicate that there were large developmental differences on a wide variety of cognitive variables across the periods of childhood and adulthood. The age relations on the variables were not all equivalent in magnitude but varied with respect to both the strength of the linear age relation and the presence of significant quadratic and cubic age relations.
Despite the differential pattern of age relations, however, the results from both analytical procedures indicate that the agerelated influences on the variables were not independent of one another. First, the single common factor analyses revealed that Correlation Figure 4 . The best-fitting structural model, with standardized coefficients, for the children data. Fit statistics for this model are in Table 5 (Model 4A for children). C1 = higher order factor; know = knowledge; quant = quantitative; STM = short-term memory; reas = reasoning; speed = perceptual speed; clos = closure; assoc = associative memory.
I A e I Figure 5 . The best-fitting structural model, with standardized coefficients, for the adult data. Fit statistics for this model are in Table 5 (Model 4B for adults). C1, C2, and C3 = higher order factors; know = knowledge; quant = quantitative; STM = short-term memory; reas = reasoning; speed = perceptual speed; clos = closure; assoc = associative memory. all variables had moderate to large loadings on the common factor and that the independent age-related effects, after considering the relations of age to what all variables had in common, were small relative to the total age-related effects. And second, although the hierarchical models indicated that the variables could be grouped in terms of distinct first-order abilities, these first-order abilities shared moderate to large amounts of variance with each other, and the higher order factors representing these common portions of variance accounted for substantial proportions of the age-related variance in the first-order abilities. Furthermore, models assuming that the age relations on either the individual variables (Model 0) or the first-order cognitive ability factors (Model 3) were completely independent of one another were found to provide very poor fits to the data in both children and adults.
Most of the analyses were somewhat abstract, and therefore it is useful to make the discussion more concrete by referring to a particular cognitive variable. Consider the measure of visualauditory learning that reflects the individual's success at learning to associate unfamiliar visual symbols with familiar words. The study of association processes has had a long history in cognitive psychology, and the formation of associations is often considered to be an important elementary cognitive operation. Moderately large developmental differences in this measure of association efficiency were evident in these samples, as the correlation of the visual-auditory learning variable with age was .53 in the range from 5 to 17 years and -.49 in the range from 18 to 94 years.
A cognitive researcher interested in analytical interpretations might therefore attempt to explain the developmental differences in the visual-auditory learning variable in terms of individual differences in a specific process, such as elaboration or integration. That is, the increase in the variable across the period of childhood, and the decrease in the variable across the period of adulthood, might be attributed to a rise and fall of the effectiveness of one or more task-specific processes.
However, now consider the implications of the analyses reported above for the researcher interested in explaining agerelated differences in the visual-auditory learning variable with task-specific processes or mechanisms. The results summarized in Figures 2 and 3 indicate that after taking into account the relation of age to what the variables have in common, the relation of age to the visual-anditory learning variable is eliminated in the sample of adults and actually changes direction from an age-related increase to an age-related decrease in the sample of children. A very similar pattern is evident in the hierarchical models in which the visual-auditory learning variable is combined with the memory-for-names variable to form a latent construct representing associative memory. When the relations of age to this construct were examined in the context of the age relations to other constructs, there was no independent age relation in either the children or the adult data.
In light of these results, the question can be raised as to what a researcher should be attempting to explain with task-specific processes and mechanisms. Although it is true that moderately large proportions of variance in the visual-auditory learning variable were associated with age (i.e., 28.3% in children and 24.1% in adults), little or no age-related variance remained after the age-related variation in other variables was controlled. The age-related variance in a variable that is "mediated" through the common factor can be assumed to represent influences associated with age that operate at a relatively broad, rather than taskspecific, level. Therefore, only the residual age-related effects on that variable can be attributed with confidence to direct or independent age-related influences on task-specific processes. However, these residual effects were very small, and, in many cases not significantly different from zero, and thus for many variables there may not be a distinct phenomenon in need of explanation by task-specific processes or mechanisms.
An alternative approach to the role of task-specific interpretations of age-related differences might focus on the linkage between the variable and the factor representing what all the variables have in common. That is, instead of attempting to account for the generally small or nonexistent direct relations from age to the variable, the emphasis could shift to attempting to account for the strong relations evident between the common factor and the variable. In other words, specific mechanisms could be used to explain how age-related variations in a broad or general factor become manifested in particular individual variables, such as visual-auditory learning. Regardless of whether researchers ultimately adopt this analytical strategy, the current perspective implies that major goals for future research should consist of determining the reasons for the relations between age and the common factor and how particular variables are related to, and distinct from, what is common to other variables.
The analyses that have been reported reflect somewhat different perspectives and assumptions. For example, the hierarchical approach resembles efforts concerned with specifying the psychometric structure of abilities, and the single common factor approach considers all variables to be alternative indicators of a single factor. However, results from both analytical procedures converge on the conclusion that rather than being independent, a very large proportion of the age-related differences in each of the variables is shared with individual differences in the other variables.
Nevertheless, it should be noted that the discovery that a large proportion of the age-related influences on different cognitive variables appears to be shared does not imply that the age relations on those variables are necessarily uniform in magnitude. Even if there were no independent age-related effects, the age relations would vary because of variations in the strength of the relation between the common factor and the variable. In fact, if there were no independent age-related influences, the magnitude of the age relation (i.e., age-variable correlation) would be expected to be highly related to the magnitude of the relation of the common factor to the variable (i.e., the common variable coefficient). This expectation was confirmed in the data from children (cf. Figure 2) , as the relevant correlation was .86. The correspondence between the variable coefficients and the age relations was much weaker in the adult data. Because stronger age relations for these variables in the adult years would be represented by correlations that were more negative, large positive coefficients on the common factor would be expected to be associated with large negative relations between age and the variable. However, instead of a large negative correlation, the correlation between the variable coefficients and the age relations in the adult data (cf. Figure 3) was moderately positive (i.e., .47). The greater relative magnitudes of the independent age relations in the sample of adults are probably responsible for the failure to find the expected correspondence in the adult data because these independent age relations serve to modulate the total age-related effects on the variables.
The high degree of shared age-related variance observed in these cross-sectional data sets is consistent with the hypothesis that age-related influences primarily operate at a higher order level than that represented by individual variables. That is, a large portion of the age-related effects on behavior does not seem to operate at the level of specific tests or primary abilities but rather at the level of broader or more general clusters of abilities. However, a number of questions still remain regarding the estimates of shared age-related variance. For example, whether and to what extent process-specific age-related effects may contribute to the covariance among the variables has not been fully clarified, nor has the relation between age-independent and age-related variance in the computation of shared effects. Moreover, although the analyses described in this article suggest that many of the age-related influences on different cognitive variables are shared, the elementary mechanisms or fundamental processes responsible for the hypothesized common factor are not yet obvious.
Relevant information on this latter issue may be available from an examination of the pattern of relations between the variables and the common factor. Because all variables in these data sets had similar reliabilities and nearly the same number of variables were available for each ability, the patterns of relations do not merely reflect the amount of systematic variance in the variable available for association or the dominance of a particular type of variable in the data set. The variables with the highest relations with the common factor may therefore provide a clue as to the nature of that factor.
A similar pattern of variable coefficients was apparent in both children and adults (cf. Figures 2 and 3) , as the correlations between the coefficients in the two groups was .87. The highest coefficients in both age groups were with variables representing knowledge, reasoning, and perceptual speed abilities, and the lowest coefficients were with variables representing associative memory, short-term memory, and closure abilities. If the former variables are really the most central to cognition, then a challenge for future research is to discover why this is the case.
Finally, it is important to mention several qualifications on the interpretation of the results of these analyses. First, the inclusion of a variable labeled age in the models and figures should not be construed as representing only endogenous or maturational aspects of development. As noted in the introduction, it is difficult, if not impossible, to distinguish between endogenous and exogenous determinants of development with cross-sectional designs. The current results should therefore be assumed to reflect an unknown mixture of intrinsic and extrinsic influences on development. And second, the discovery that much of the age-related influences on many different cognitive variables are shared does not necessarily imply that there is a single cause of the shared effects. That is, several distinct sets of developmental mechanisms could be contributing to the agerelated effects on the common factor. The results of these analyses suggest that important developmental influences are operating at a fairly broad or general level, but they should not be interpreted as implying that only a single developmental mechanism is responsible for the observed effects.
In summary, two different analytical procedures were carried out on a large data set derived from a nationally representative sample. The results of both procedures converged on the conclusion that a relatively large proportion of the age-related variance in a wide range of cognitive variables appears to be shared and can be predicted by individual differences in higher order factors of cognitive functioning. Because a very similar pattern was obtained for the periods of both childhood and adulthood, theories of cognitive development across the life span will need to consider this lack of independence when formulating explanations of developmental differences in cognitive functioning.
